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difficuit to firmly ncludo %Witi hor these differences III Roforoncas
signalling to rosting cails via CD2 are due to (te
Intrinsil properties or I Antibody, or whether they 1. flruilor, P., HlotameiI, L.. CIln. C., And *A. i, IM*eNuIP1
could be due to thea partictila ions 'or thoa CD2 mole. 2. 1614 (1913).

3.Bernard, A., llronlr, P., , tepase, V., and tioumsel, 1,cuic recognized, For a series of ret s, and particularly I" Lfeuccyge lopptlq I . Reinhers. IS.P. Jim".nn L.M. Nadkit,
fromn the Investigations or a battery o 2 of different aold I.D, Berns , p. IS). I1prlniget.Votlas, Now York (111161.
liotypes, the second possibility appears to uich more 3. Bernar~d ., nowlifs JM., Nalio, K.. D'aior, Off. MaeseI, W.

liklyandthu difernt ignls oul bedo va o T I .. and Bournsfell. L.ma U MM0 wwM'Vo in press)(19161.ilkey, nd husdiffren sinal woud b deive toT hwab, it., Crow, M.K,, Russo, C., and Wilksler, MAL A.J Imusone,
clis according to thia conrormational changes Im 231111714 (1910),
on CD2. It Is clear that distinct conformati ings, S. Palaiclos. Rt. Me. .1. /mrin"0e/ Is. 645 (loss).
or reorientation of thea nmolecule pr u ae a chourich, P'., Ucer, U.ff Wisann, M., and Pflfernaler, K. Lur. J.
be Imposed on CD2, aco"fi4 i the region on which 7, Teou C.D, Landsraff, D,, Dtentin, J., Valentine, ..t Loly, 6C.
antibodies..b h rIvealed by events which can be WaItshan. L. and Carson, D.A. A. Imimunol, 13S. 171911%).

modulation~8 B3 1 hseeet ernard, A.. n. C.. Knynal, B.. Phlamn, M). Oossw, C.. aNocpitope-specific mdlto138.Tesevns noumisell, L. J'. 'x . d. I2SS. 13 17 (1912).
could occur physiologically upon binding or CD2 to Its 9. Kuri-.Jones, B.A., Bell@ , I.,MuI, ., l.and tnnu. BR. Ior.
natural ligand(s). ot. A4cad. Self, USA 52. 12 1915).

T2.6 Calcium mobilization and enhanced natural killer function in
large granular lymphocytes result from cross-linking the CD12 E-

rosette and CD16 Fc-receptor
C.11. JUNE, I.A. IHDnP3E'rTER, P.S. RADINOVITCI[, K.E. IIELI.STROMv, and I. IiEI4LSTROM

cbinding or monoclonail antibodies that recognize the jCdt3 response consisting or an early low-magnitude
CD2 E.rosctte receptor results lin T-cell proliferation, response lin LOIL, and a delayed high-rmaignitudc
arid In increased killing by cytotoxic y4niphocytes and response lit T-ccls"-We therefore tested each orfte
largc granular lymphocytes (1L0t.) RMT We recently CD2 anibodies for feffct oil Ca17117- lr. Thetintf- A i
found thait in, t he case of x l.L, a single anti'ody directed bodies were tested at a saturating concentration, wit or
against 'Internal' activation epitopes of thea CD2 struc. without additional cross-linking which was (lone In order
ture was sufficient to Increase. intracellular calcium to potciitiate signal transiduction. When tested singly.
concentration tCaojtil: whereas lint ilie case of T-clls, none of thle antilbodies was abie to Increase T-ccll [Cal' I..
combintons of CD2 antibodies avait both 'Internal' In contrast, three types or LGI. responses were observed
and 'external'iepitopes were required A-Tio purpose of (Fig. I). The Ica,, 11 of LOi. was not altered in 14 cases
thec present study was to evaluate ilie CI)2 pnel of ani. (type I response), tlie IWO 11 Increased only after ciro%%-
bodies to further define thea inclianisnis of ixiL activa. linking In seven cases (type 2 response). and lin Iwocases,
tion via tlie CD2 pathway. Our resuilts Indicate that onily a calcium response occurred which did not require cross.
antibodies of thea ISC3 isotype are capable of directly linking (type 3 response) (Table I). We have previously z
stimulating LGI. calcium moilization and natural kill. demtonstrated In this a.-viy system that these alteration%
Ing, atid furthermore, thatt this siinulatioii Is dependent lin 1.01. calcium nactaboimnt occur In cells selected by i
upon both thea Pc antd F(ab') ,4gions of thea antibody, positive or negative anisibody select Ion 151. The response%
Inidicating a requirement for tlie simultanieous briciging observed were distinct bth i nterpreations have sonic
of thec CD2 [!.rosette and. CD) 16 FuvlLiff~itruvtures, limfitations, Ior example, atitibody 449 391121 was of rat

Using a sensitive assay IC) meatsure tal}"ill sinigle origin, and therefore could not lie cross.Iinked with thyc
cells 16fi-we previously round thant stimulation of pen,. second step reaget.l ani, futhelrmore, It Is possible that
hilicral blood( mononuclear ceils (l'iIMc) withl a conlibin. motile of thec antibodielis litIia panel were of lte lnini'uia1
ion of niitotiic Ci)2 alntilbodieft resuilitd ii a iphaic light chaini, andi smilarly. would not have becti

se 10 ' 9
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Fig. 1. ri-ffects or CI)2 antibodies on 1C00 11 lit T-cclls and 1.l.. Nylon wool purified T-cells were loadcd with Indo- I and labelled
with phycoerythrin-conjugated, CD16 Fc.2 monoclonal antibody as described previously 151. Results rroir renlli, dual-laser flow
cyiomctric analysis are displayed as Isometric plots consisting or 100 sequential histograins of cell nunoo'r versus lndo-I violet/blue
fluorcsccncc which Is proportional to iCa'' 1,161. LOL and T-lympliocyies were detected by Sitting on rorward scatter and red (PE)
fluorcscence. At tine - I min, Workshop antibodies(1:l100) wereadded, followed by the addition o! rat antimousc lit kappa anti-
body IN7.1 (60 ig/nl mt 1 5 min). lit this experimnit 94 per cent or cells werc T-Iyrnphocylas en 6 per centi were I.ML,

cross-linked. In adition, It Is possible that some anid- jCa2h C,1 ven at 50 pg/mi. The same result was obtained
bodies would have caused Increased (Ca2+11 In LOL at when Intact antibody 9.6 was addcd simultaneoutsly or
different doscs or with more efficient cross-linking first. sequentially to the i'(ab')2 preparation or antibody 9-I.
and second-step reagents. Previous studics have shown that mitogenic combina-

,The finding Owa both antibodies that caused a typc 3 tions of CD2 antibodies T112~ and TIill arc able to
response were of thc uncommon lg03 isotypc (Tablc 1) enhance killing or targets which arc normally resistant
suggested that the Fec region or thc antilody might be to cylolysis by T-cell clones (21. We tested the ability
required for the rcsponse, An F(ab')2 preparation ofat. of individual CD2 antibodies to Induce natural kill.
body 451 (9-1) was prepared (71. This reagent retained ing of the CD2.negative 2981 cell line derived from a
specific and saturable binding 'to activated T-calls tItit hig adenocarcinoma (8) by freshly isolated PIIMC
- 1 jig/10' cells (not shown). The milogetlic combino. (Table 1). Two Pntibodies, 451 and 456, mediated pro-
tion ofsttilbodies 9,6 and 9-1 were tested for their ability nounced kiling, and interestingly, both mediated type
to affect calf 1, lin LC1L (Fig. 2). Intact atntibody 9.I 3 LOL calciurpi responses. The killing associated with
alone wits suifficienut to cause it prompt In~crease lin LIL thiese antibodies was also observed with a separate
[Ca21 J1, whereas the F(ah%) rritnient did not nlter C112-ntiivc target, fihe 2669 clone 13 melanoma line
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Table 1. Functional effcts of CD2 Workshop wntibodics on tUiL calcium mobilization and killing

[Ca211 response N iln
Per cent Maximum Type of Per cent

Workshop antibody Isotype Responding Cells iC021 11 (aM) response* cytolysis

D66/1 02b 72 391 2 0
OCII1.217 M I- 1 4
9.6 Mea - 1 6
35.1 Mea - 1 8
39B321 02a - 1 0
9-2 r'! i 2
9.1 Co3 83 428 3 61
F92-3A1 I0 , 2
95-5-49 ? 7 1 2
7A9 M 26 245 2
71210 M2a - I 2
MOMO2A6 (TI 13) C03 58 289 3 20
TI1/3 PT21-9 0i1 1 3
TII/3T48135 G2n j 6
MTII 10C)1 76 368 2 6
MT26 G01 72 349 2 3
NIT910 0 1 70 360 2 0
NU.TI ? 78 321 21
TSI1/8. 1.1 01 II 16
TS2/18. 1.1 G0I 1 9
cu I I/ I G1 I 2
SAI-I I G II 3
NU-TE R 0 1 42 297 2 4

< - 5 130 - 8

1 . less thnaa 5%/ 2. no change frrn baseline 3. medium only

191, Indicating that cytolysis could occur with multiple The Induction or NK cytolytic activity by antibody 451
targets (not shown). In separate experiments, when (9.1) was further studied using the 2669 melanomna cell
tested on the seecell lineat an 17.:T ratio or 10, antibody line as a target (Fig. 3). Thc effect of antibody 9-1 was
9-1 still caused SO to 78 per cent lysis (not shown). The blocked by 'external' epitope CD2 antibodies 9.6 and
mean :t S.D. cytolytic effect of PI3MC fromn four dif. 35.1, and by CD16 antibodyc2 which binds to the low-
ferent donors In the absence of antibodies was 13.3 :1 4.7 affinity Fc receptor of LOL. Antibody MG21 mediates
per cent. None of the CD2 Workshop antibodies caused ADCC on this cell line [91, and has the samne isotype as
>n futer experyimwentseshl inteasolated r PMC r lckd D antibody91 h DCdic b y as1 bloke by ot
'I2 puer eiments t resdihe Ioasencdo PBMC.r lckd antibodye b.1. ThwDCmda byoke by waD1no

separated into T-clis (> 99 per cent CD3 *) and LO L (90 Fc-2 (;Ig. 3). Finally, the ability of PBMC 'armecd' wilth
per cent CD16*) by negative selection using a flow cyto- the F(ab')2 fragment or antibody 9-1 to medit cytolysis
meter. The effector cells were added with antibody 9.1 on the 2981 cell line was compared with~ PI3MC 'arnied'
(10 fig/mi) to the 2981 cell line at an E:T ratio of 10, The with Intact antibody. The pcr cent speciic lysis for cells

i. per cent lysis for T-cells, LOL., and 'r-clels plus LOL was coated with: Intact antibody 9.1 was 61 per cent; anti.
3, 52, and 45 per cent, respectively. The findings that body 9-1 1(ab'), 2.6 per cent; 9.1 F(ab%) + MG2I, 6.6
T-cells did not medite killing and were unable to aug. per cent; and antibody M021. 2.2 per cent. The lysis by
ment LOL killing, Indicate thaut the observed cytolytic PIJMC without added antibody was 10.4 per cent. Thuls
activity Is natural killinig tiid Is not due. to cytotoxic T. the F(nb')a fragment did not enhance cytolytic activity.
lym plocytes. and this could not be restored by antibody MG2I, a lion-
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MG2I +35.1
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- ~Fig. 3. Induction of enhanced killer fu..!ction by CD2 anti-
840- bodies. PDIMC were used In a short-term Cr-release assay as

effector cclls at an E:T ratio of 100: 1114.151. The CD32-negative
V 2669 cl 13 melanoma cell line was labelled with "Cr and used as

20 target cells. The assay was performed by adding successively
0.........-..~ ~target cells, antibody (10 pg/mI) and effector cells. After a

0 2 4 6 8 10 4-hour incubation, the mean per cent lysis of duplicate samples
Time (min) was determined by standard techniques. Antibodies tested wecre

9-1 (CD2. 1gW); 9.6 (CD2, lgG2a); 35.1 (CD2, IgG2a); Fc-2

Fig. 2. Pc dependence of CD32-induced calcium mobilization (D1,lGb n 01(agisd slG)
in LGL. CD2 antibody 9-1 was added as the F(ab% fragment
(50 pg/mI) or intact (I pg/mi) at I I min with CD2 antibody
9.6 (10 pg/nI') added simultaneously at t - I mi. or sequen-ort-ugathdprysrcueeqilnto
tially at I 4 min. Nylon wool non-adherent cells were loaded structure,ortruhatidprysrcueeqvleto
with lndo-I, labelled with CD16 pliycoerythrln-conjugated the CD3 structure of T-cells. On T-cells, it appears that
I'c-2, and analysed as in Fig. 1. The mean [CalJ and per cent the CD2 molecule requires a CD3-associated structure in
responding cells for each experiment were ctlculated In panels A order to transmit a signaul (III. There is precedent for
and B, respectively as described in 161. sig~nal transduction through Fc receptors in that Fic

rceptor antibodies blait,/ been shown to cause membrane
depolarization and increased [Ca2" IjI in a murine macro-
phiage line [ 12, 131. Finally, the present study was unable

binding isotype matched antibody. The Fc .region of to resolve wvbitiuer a particular epitope of thc CD2 mole-
M261 was demonstrated to bind to'LOL and to mediate cule is requisite to achieve LGL activation, or whether
A DCC in Fig. 3. These restilts ndicatc that thc cytolytic the bridging of any CD2 epitope to the CD16 structure
activity mediated by 9.1 clearly differs from ADCC, but willI result in activation.
like A DCC, appears to Involve the CDI 16 FcR,.. on LGL.

Taken together, our findings demonstrate that, CD2
antibodies can activate the'dlicrnatlvcs ptthway on LGI, Acknowlcdgements
by cross-linking thc CD2 and CD16 surface structures.
Thiis activation was manifest biochemically by Increased This invmsigation was supported by Oncogen Corp, by
1Ca 2 I, and biologically by activation of the lytic pro- grant AG 01751 from tite National Iititutes of lcaltlt,
granine of LOL. There Is precedent for Fe receptor- and by Naval Medical Researcht and Development Comi-
mcdiatcd modification of activation signals where, for mand, Research Task No. M0095.0Ol.0045. The opin-
=1xanilc, tiie cross-linking or' thc Il-ccll atiligen receptor Ion% and assertions exprcssed herein are those of the
witht the Fc receptor hans been shown to aflter thie [Call], authors and are not to be construed as official or reflect-
response to stimtulation by anti-litintinoglobulln 1101. IngtI e views or tieNavy repnrtment or thcnaval srvice

'h ric questint remains as tn whether the activation signal at large. We tire grateful fou Ithe gift by Dr Bo Dupont of
for Us 1 is t ransmittled throtigh thle Ct)2 st rtcture, thei Fe antibody 9.1 ntcihes.
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T2.7 E nha ement of cytolytic activity by bridging the CD sheep
erythrodyte binding protein and the CD16 Fc rec or

EFF A.LEDBETTER.CLAUDIO ANASETTT. P 1, L J. MARTIN, YOSHIHISA MORISHI'm I I
and JOHN A. HANSEN

Human T-ce an be activated through a path ay not rcspo after stimulation with the IgG2a CD2 anti-
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evidence that the IgG3 antibod, ;9 -'%bi Ws simuitancously of the CD16 anti Leu-11a. However, incubationti 
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ib d I taneousl y 0 r I anti? U-1
'rw e L rgcsCIto CD2 and to the CD16 rc rccc or co-expressed on with antibody 9-1 for o iour at 37*C was followed by

LGL. Cross-linking and co-m ulation of CD2 and nearly complete disi . pear c of F receptors as
2 nd I n r t 11 e de tcS 
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CD16 induces increased IC and activation or the detected by antibody Leu- 11 ( i . (A)).moduiationor
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rd ndlytic program MCI CD16 Fc receptors with antibody FCC- id not affect the
We tested the abilit or C132 antibodies to Induce expression or CD2 as detectcd by anti 9-1. Thusnt
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rest'[Ca2l, I D3+/CDU6- cells, whereas binding or the activation signal to LGL, it was of Interest to examine the

singic. ibody 9-1 was sufficient to trigger it response In runctional effects of antibody 9.1 In cylotoxicity assays.
.vt.CD3 CD16* cells (Table 1). These results were con- The K562,14EL, C14AN, and NALM-1 cocil lines wereC r 9upaC'aicilsis it with responses obscrvcd previously In the cor. selected as targets bt cnuse they do not express CD2.

rc onding polium(ions or resting pcripliernl blood Spontancous lysis of bot It NK-ncnsitivc and NK-rcsit ant
lymphocytes 131. The cufturcd CD3-/CDI 6' LGL did targets mcdIatcd by peripheral blood lymphocyte% was


